Rice yield is greatly reduced due to rice blast, a worldwide 28 multi-cycle fungal disease caused by the ascomycete Magnaporthe 29 oryzae. Previously, Bacillus cereus HS24 was isolated from rice growing 30 area, which showed a strong bio-control effect on M. oryzae. In order to 31 better exploit it as a bio-control agent, HS24 has been studied for its 32 mechanism of controlling rice blast. Our results showed that conidial 33 germination of M. oryzae was significantly inhibited by HS24 suspension, 34 and the inhibition rate reached to 97.83% at the concentration of 10 7 35 CFU/ml. The transcriptional level of CAMKII, PMC1 and CCH1, which 36 are key genes involved in Ca 2+ signaling pathway, were significantly 37 decreased in HS24-treated conidia. The treatment of M. oryzae with Ca 2+ 38 signaling pathway inhibitors KN-93, Verapamil, and cyclopiazonic acid 39 (CPA) significantly reduced conidial germination rate and inhibited germ 40 tube elongation. This inhibition effect was found to be 41 concentration-dependent, similar to the HS24 treatment. By quantifying 42 free Ca 2+ in M. oryzae conidia, a significant reduction of intracellular free 43 Ca 2+ concentration in HS24-treated conidia in comparison to sterile 44 water-treated conidia was found. The addition of exogenous Ca 2+ did not 45 abolish the inhibitory effect of HS24 on the reduction of intracellular free 46 Ca 2+ concentration and conidial germination. In conclusion, B. cereus 47 48 oryzae, and thus offers a great potential as a bio-control agent in rice blast 49 management. 50 51 Importance 52 In the bio-control of rice blast, most of researches focused on the 53 inhibitory effect of bio-control agents on development of M. oryzae, 54 including inhibition of conidia germination, germ tube deformity, 55 mycelium growth inhibition, etc, while little work has elucidated the 56 molecular mechanisms underlying the various phenotypic change in M. 57
HS24 can inhibit conidial germination by suppressing Ca 2+ signaling in M.
Introduction cultured for 24 h under shaking conditions (200 rpm) at 28℃. HS24 180 fermentation broth was diluted to 1x10 5 , 1x10 6 , 1x10 7 CFU/ml separately 181 using sterile water. Activation and culture of M. oryzae Guy11. M. oryzae 182 Guy11 (donated by Professor Zhengguang Zhang, Nanjing Agricultural 183 University, Nanjing, Jiangsu, China) was inoculated onto potato dextrose 184 agar (PDA) medium and cultured in a constant temperature incubator at 185 28 °C for 4 days in the dark for activation. Activated Guy11 was 186 inoculated onto straw decoction and corn (SDC) agar media (23), and 187 cultured at 28 °C in dark for 3-4 days, followed by 7 days of continuous 188 illumination under fluorescent light to induce conidia production. 10 ml 189 of sterile water was added to each plate, and a brush was used to collect 190 conidia by gently brushing the surface of the plate. The conidia 191 suspension was filtered through three layers of lens paper. The conidia 192 was counted with a haemacytometer under microscope (24), and then the 193 conida concentration was adjusted to 1 × 10 5 conidia per milliliter using 194 sterile water for use. 195 2. Screening of optimal HS24 working concentration 196 One milliliter of Guy11 conidia suspension was centrifuged in four 197 1.5 ml centrifuge tubes separately at 12000 rpm for 10 min to obtain 198 conidia precipitates. 1 mL of sterile water as the control group and 1 mL 199 of HS24 suspension with different concentrations (1x10 5 , 1x10 6 , 1x10 7 conidia precipitates. Each treatment was repeated three times. Droplets 202 (20 μl) of conidial suspension were placed on Fisher brand Microscope 203 Cover Glass (hydrophobic) with wet filter paper and incubated at 28°C in 204 darkness. Conidia germination, germ tubes extension and appressoria 205 turgor pressure were monitored at different time points post incubation.
206
Conidial germination and germ tube extension was examined under 207 microscope (200X). More than 100 conidia were assessed for each 208 treatment and each treatment had three repeats. The conidia of M. oryzae were treated with sterile water or HS24 at 212 the concentration of 10 5 CFU/ml, respectively. The germ tube length was 213 measured at 6 hours post incubation (hpi) when it had stopped elongating.
214
Glycerol solutions at various concentrations were used to detect the 215 turgor pressure inside mature appressoria by cytorrhysis assay at 24 hpi 216 (25). Table 1 . The primers used in this study HS24 concentration was 1 × 10 7 CFU/ml. Small asterisk represents a significant difference at 0.05 level compared with the sterile water treatment (P＜0.05).
